ABSTRACT -The reproductive toxicity of benzophenone (BZP) was evaluated in a two generation test in which male and female Sprague-Dawley (SD) rats, parental (F0) and first generation (F1), were exposed to BZP by feeding diet containing BZP at concentrations of 0 (control), 100, 450 or 2000 ppm. With regard to the effects of BZP on the F0 and F1 parental animals, inhibition of body weight gain and food consumption, significantly elevated renal weights, dilatation of the renal proximal tubules, and regeneration of the proximal tubular epithelium were recognized at doses of 450 ppm and 2000 ppm, along with an increase in hepatic weight and centrilobular hepatocytic hypertrophy, considered as vital adaptive changes, at the doses of 100 ppm or more. Obvious effects on the endocrine system and reproductive toxicological effects were not found even at the dose of 2000 ppm in the F0 or F1 parent. There were no test substance related changes in the estrous cycle, reproductive capability, delivery and lactation, sperm parameters, serum hormone levels, or necropsy findings. As for effects on the offspring, inhibition of body weight gain was observed in both the F1 and F2 males and females of the 2000 ppm group. No effects of BZP treatment were recognized in the number of male and female F1 or F2 pups delivered, viability, anogenital distance (AGD), physical development, the results of reflex and response tests, or on the observation results of external abnormalities. From the present study of BZP administered to rats over two successive generations, the no observed effect level (NOEL) on the parental animals is concluded to be less than 100 ppm. Concerning the effects on the endocrine system and the reproductive toxicity in the parental animals, the NOEL is 2000 ppm. In terms of the effects on the offspring, the NOEL is considered to be 450 ppm.
INTRODUCTION
Benzophenone (BZP) is a common ingredient of medicines and synthetic raw materials used in production of pesticides, aromatics, and ultraviolet-ray absorbents. BZP does not bind to human estrogen receptors (METI, 2002) , does not activate transcription through human estrogen receptors (Nishihara et al., 2000) , and does not elicit activity in MCF-7 cells, a human breast cancer cell strain (Nakagawa et al., 2000) . However, the compound was indicated to have weak estrogenic and anti-estrogenic effects (METI, 2002) in an in vivo uterotrophic assay using ovariectomized rats. There have hitherto been no studies conducted on toxicity of BZP regarding reproduction and development.
As part of the "Developmental Project of Evaluation and Testing Method for Endocrine Disrupting Effect of Chemical Substances", a research project of the New Energy and Industrial Technology Developmental Organization (NEDO), BZP-mixed feed was administered to rats over two successive generations and effects on the reproductive capability in the parental animals and growth and development of the offspring were investigated.
This study was carried out in accordance with the OECD guideline for the testing of chemicals No.416 (OECD, 1983) . tive prostatic weights, and higher values for relative epididymal weights. A small uterus was found in one animal of the 6000 ppm group. Based on these results, the highest dose for the definitive study was set at 2000 ppm. The intermediate and lowest doses were calculated by dividing by a common ratio of about 4.5, and set as 450 and 100 ppm, respectively.
Administration period
The rats received BZP in the diet. Administration to F0 parental animals was started from the age of five weeks old for both males and females; administration to F0 males was continued until necropsy through 10 weeks or more of the pre-mating and mating periods, while administration to F0 females lasted until necropsy through 10 weeks or more of the pre-mating, mating, gestational, and lactational periods, and during weaning of the F1 offspring (Postnatal Day: PND 21) . Administration to F1 parental animals was started from the time of weaning (three weeks old); in F1 males it was continued until necropsy through 10 weeks or more of the pre-mating and mating periods, and in F1 females until necropsy through 10 weeks or more of the pre-mating, mating, gestational, lactational periods, and during weaning of the F2 offspring (PND 21). Administration to the non-delivering F0/F1 animals continued until necropsy, which was conducted at least 26 days after confirmation of copulation.
Mating procedures
At the age of 15 weeks after the 10 week administration period starting from five weeks old in the F0 animals, and at the age of 14-15 weeks after the 10 week or more administration period from three weeks of age in the F1 animals, females were moved to the cages of male partners in the evening, and the males and females cohabited at a sex ratio of 1:1 through the mating period. Existence of a vaginal plug or sperm in the vaginal smear was examined every morning from the following day. When either was detected, it was judged that copulation had occurred and the day was defined as gestation day (GD) 0. The mating period was limited to two weeks. Pregnancy was confirmed by existence/absence of delivery and/or by investigating implantation sites at the time of necropsy.
For the F1 parental animals, one male and female each were selected randomly from each litter on PND 21. Necropsy of the other offspring was performed at this time. All adult rats were observed daily for clinical signs of toxicity, and body weight and food consumption were recorded weekly. The body weight and food consumption of copulation-confirmed females were measured on GDs 0, 7, 14 and 20, on lactation days (LD) 0, 4, 7, 14, and at necropsy after weaning (LD 21).
2) Estrous cycle
Vaginal smears were collected from the female animals everyday in the morning to examine the estrous cycle during the two weeks before mating, starting from 13 weeks of age for the F0 parents and from 11 weeks old for the F1 parents, and the mean days of the estrous cycle were calculated. Cases with estrous cycles other than 4 to 6 days were regarded as abnormal.
3) Sperm examination
Sperm motility of ten animals of the parental animals in each F0 or F1 group was measured with a sperm auto-analyzer (HTM-IVOS Ver.10.8). In ten animals of the control and 2000 ppm groups, the number of homogenization-resistant spermatids in the testis (spermatid head counts) and number of sperm in the cauda epididymal were also counted with the sperm auto-analyzer (HTM-IVOS Ver.10.8), and smear specimens were prepared and examined for morphologically abnormal sperm to calculate the appearance rate.
4) Serum hormone levels
Six males in each treatment group of the F0 and F1 parental animals were randomly selected for hormone measurement at necropsy. Females were examined for the estrous cycle everyday in the morning after completion of the lactational period, and six females in each treatment group in the proestrous stage were randomly selected, left for about one hour after being taken out from the breeding room, and they were sacrificed to collect blood samples by decapitation without anesthesia as soon as possible after 1:00 p.m. Using sera separated from the blood samples, testosterone, FSH and LH in the males and estradiol, FSH and LH in the females were measured by the RIA method. The hormone measurement was carried out at Panapharm Laboratories Co., Ltd.
5) Organ weights
The following organs were weighed in all the F0 and F1 parental animals: the brain, pituitary gland, thyroid including parathyroid, liver, kidneys, adrenal glands, spleen, testes, epididymes (whole and caudal parts), prostate (ventral lobe), seminal vesicles (including the coagulating glands), ovaries, and uterus (including the cervical region).
6) Pathological and histopathological examinations
All the parental animals sacrificed or found dead were necropsied.
Histopathological examinations were conducted for the following organs from all males and females of the control and 2000 ppm groups in the F0 and F1 parents. The brain, pituitary gland, thyroid and parathyroid, liver, kidneys, adrenal glands, spleen, testes, epididymes, seminal vesicles (including coagulating glands), prostate (ventral lobe), ovaries, uterus (including the cervical region), vagina, and mammary glands. Furthermore, the liver and kidneys in the 100 and 450 ppm groups in the F0 and F1 parent animals and any macroscopically abnormal sites were also histopathologically examined. Besides, any animals that died during the course of the study or sacrificed upon becoming moribund were examined to investigate the causes.
Litter data (offspring parameter) 1) Observation and measurment of offspring
The pups were observed for clinical signs from the outside of the cages everyday throughout the lactation period. When the body weights were measured, they were individually and closely observed in the investigator's hands. The number of pups per litter was adjusted randomly to eight (four each of the males and females when possible) on PND 4. When the number in a litter was less than eight, they were housed as is. The pups not selected at the adjustment were sacrificed by exposure to carbon dioxide gas and the whole bodies were stored in 10% neutral phosphate-buffered formalin solution.
Body weights were measured on PNDs 0, 4, 7, 14, and 21. The anogenital distance (AGD: the distance between the anus and the genital node) was measured on PND 4 following adjustment of the number of pups. Relative values divided by the cubic roots of the body weights on the measurement day were also calculated.
2) Physical development and sexual maturation
The incidence of pinna unfolding was calculated on observation of all pups from PNDs 2 to 4. Offspring were also examined for the day on which the completion of the following occurred: upper incisor eruption from PND 6 and eye opening from PND 10 for all pups before weaning. As indices of sexual maturation, days of preputial separation in the males and vaginal opening in the females were used, the F1 animals being individually observed during the period from PND 35 or PND 27 until completion was noted. Body weights were measured on the day of completion.
3) Reflex response tests
All live pups were examined on PND 19 for pain responses, negative geotaxis, air righting, pinna reflexes, and the positive rates were calculated.
4) Organ weights (at weaning)
The brain, thymus, and spleen of one F1 and F2 male and female pups each selected from each litter were weighed on PND 21.
5) Pathological examination
Excluding the pups that died before selection on PND 4 or the pups not selected on PND 4 (when their numbers were adjusted), all the remaining pups were necropsied when they were sacrificed or were found dead.
Statistical analyses
Data concerning effects on the offspring until their weaning were based on values calculated per litter as the specimen unit. Using weights of bilateral organs, the sums of the left and right organs were employed for statistical analysis.
Metric data were analyzed for homogeneity of variance by Bartlett's method (Bartlett, 1937) . When the variance was homogeneous, one-way ANOVA was carried out. When not homogeneous, on the other hand, a Kruskal-Wallis's test (Kruskal and Wallis, 1952) was performed. When a significant inter-group difference was found, Dunnett's method (Dunnett, 1955) or a Dunnett type multiple-comparison method (Dunnett, 1964) were applied. For some examination items, the Kruskal-Wallis test was applied first, and when a significant inter-group difference was found, Dunnett type multiple-comparison method was conducted. Numerical data were analyzed by the Fisher's exact probability method (Fisher, 1955) . The level of statistical significance was basically set at 5%.
For clinical signs, necropsy, and histopathological findings, no statistical analyses were performed. In one F1 female of the 2000 ppm group, renal papillary necrosis was observed. In this animal, emaciation was apparent two days before death and hypothermia was observed the day before death. Because histopathological examination revealed pyelectasis associated with the renal papillary necrosis, was considered to be the cause of death, it was inferred that increased pressure in the renal pelvis caused the necrosis. Since this change was not observed in the other animals, it was judged to be not related to the administration of BZP. Furthermore, no changes related to the test substance were found in any dose groups of the F0 or F1 parent in either sex.
RESULTS

Data
Body weight data are shown in Fig. 1 and 2. Treatment with BZP at 450 ppm or 2000 ppm inhibited body weight gain and food consumption in both F0 and F1 males and females.
Estrous cycle
Data for the estrous cycle in F0 and F1 females are summarized in Table 2 . Effects of BZP were not found in any dose group of the F0 and F1 females.
Reproductive effects
Reproductive data for F0 and F1 animals are summarized in Table 3 . There were no effects of BZP treatment found on the number of days required for copulation, number of estrous stages missed until completion of copulation, mating index (number of the males and females showing the evidence of copulation / number of the males and females used for mating × 100), fertility index (number of the pregnant females / number of copulated females × 100), gestation index (number of the females with normal delivery / number of the pregnant females × 100), or birth index (number Vol. 30 Special Issue of live pups delivered / number of implantations × 100) in any of the F0 and F1 parental animals dose groups. Nor were effects observed for the results obtained at the time of delivery and during the lactational period.
The gestation length in each dose group was 21-23 days. When the data were compared with the background data in our laboratory (F0 parental animals: 21.7-22.3 days, F1 parental animals: 21.0-22.3 days), the value for the F1 parents of the 2000 ppm group slightly exceeded the upper limit. However, there was no statistically significant difference from the control. Moreover, of the animals that delivered on GD 23, all females except for two (one F0 parent of the 100 ppm group and one F1 parent of the 2000 ppm group) started to deliver at 4:00 pm on GD 22. Therefore, it is judged that the gestation length was not prolonged due to administration of BZP.
Sperm parameters
Data for sperm parameters in F0 and F1 parental males are summarized in Table 4 . In both F0 and F1 male parents, no effects of BZP treatment were found, even in the 2000 ppm groups, on the sperm motility rate, number of homogenization-resistant spermatids in the testis and number of sperm in the cauda epididymis, or on the frequency of morphologically abnormal sperm.
Serum hormone levels
Results for serum hormone levels in F0 and F1 parental animals are summarized in Table 4 . In the groups receiving 100 ppm or higher, testosterone levels in the F0 males showed a tendency to be elevated, while values for F1 males were not significantly different from the control, so that no consistent trend was apparent. In the F0 and F1 males, no effects were found with regard to the mating index or the fertility index (Table 3) . Furthermore, when testosterone levels were 7.4 ± 0.5** 7.1 ± 0.6 6.9 ± 0.5 6.9 ± 0.5 Day 0 11.1 ± 1.3 11.3 ± 1.5 11.2 ± 0.9 11.2 ± 1.2 Day 4 17.5 ± 1.6 18.6 ± 2.0 18.5 ± 1.4 18.4 ± 1.6 Day 7
33.6 ± 2.5** 36.4 ± 2.2 36.8 ± 2.5 37.0 ± 2.3 Day 14 56.0 ± 3.7** 61.6 ± 4.4 60.7 ± 4.3 61.7 ± 3.4 Day 21 Body weights of female offspring 6.8 ± 0.5 6.8 ± 0.6 6.6 ± 0.5 6.5 ± 0.5 Day 0 10.6 ± 0.9 10.8 ± 1.2 10.5 ± 0.9 10.6 ± 0.9 Day 4
16.8 ± 1.3 17.8 ± 1.6 17.4 ± 1.4 17.6 ± 1.4 Day 7 32.3 ± 2.1** 35.2 ± 2.2 35.0 ± 2.3 35.6 ± 2.1 Day 14 53.6 ± 3.0** 58.8 ± 4.5 57.1 ± 3.9 58.4 ± 3.4 Day 21 F1 parents / F2 offspring 24 23 22 22 No. of pairs 2.6 ± 1.3 2.5 ± 1.7 2.6 ± 1. 14.5 ± 1.6 15.3 ± 2.1 16.0 ± 2.1 14.6 ± 1.8 No. of implantation sites 13.8 ± 1.6 14.3 ± 1.8 14.6 ± 3.5 14.1 ± 1.8 Total No. of offspring at birth 13.1 ± 1.5 13.9 ± 1.8 14.2 ± 3.5 13.9 ± 1. 100.00 ± 0.00 100.00 ± 0.00 99.40 ± 2.73 100.00 ± 0.00 Day 21 Body weights of male offspring 7.4 ± 0.4** 7.3 ± 0.6* 7.2 ± 0.6 6.8 ± 0.5 Day 0 11.4 ± 1.2 11.4 ± 1.3 11.4 ± 1.5 11.2 ± 1.9 Day 4
18.3 ± 1.6 18.9 ± 1.9 18.6 ± 2.1 18.7 ± 2.2 Day 7 compared between the F0 and F1 males, the treatment with BZP was found to have had no biologically significant effect. The change observed in F0 males was judged to be due to the low value in one control male. With serum levels of FSH, LH and estradiol, no change related to BZP treatment was found in any dose groups of F0 and F1 animals of either sex. In addition, no abnormalities were found in the hormone levels measured in three F1 control and one 100 ppm F1, all of which were non-copulating or non-pregnant.
Organ Weight
Organ weights for F0 and F1 parental animals are summarized in Table 7 . In the 2000 ppm group, significantly elevated values were found for both the absolute and relative weights of the liver and kidneys in F0 and F1 males and females. In the 450 ppm group, a significant increase was also evident for both the absolute and relative hepatic weights and the relative renal weights in both F0 males and females; this was also the case for the absolute renal weights in F0 males, and the relative liver and kidney weights in both the F1 males and females. In the 100 ppm group, the relative hepatic weights increased significantly in the F0 females, but there was no difference in the absolute weights. Nor was there a significant difference in absolute hepatic weights found in the F1 females.
Pathological and histopathological findings
On necropsy of the parental animals in any dose groups, no changes related to BZP treatment were found in either F0 or F1 males or females.
Histopathological findings for F0 and F1 parental animals are summarized in Table 9 . Histopathological examination revealed hypertrophy of centrilobular hepatocytes in the parental F0/F1 males and females treated with 100 ppm or higher. No differences between generations were found in the grade or incidence. In the cases with slight grade, increased eosinophilic cytoplasm was the sole observation in hypertrophied hepatocytes, while the cytoplasm appeared to be frosted glass in the cases with moderate grade. In the parental groups receiving 450 ppm or 2000 ppm, dilation of renal proximal tubules was observed in both F0 and F1 males and females. Regeneration of the proximal tubular epithelium was also apparent in all groups of F0 and F1 males and females, including the control group. The incidence of the renal change was higher in the males receiving 450 ppm or 2000 ppm and in the females given 2000 ppm as compared with the control, and cases with moderate or marked change were included only in the former groups. Regeneration of tubular epithelium was more remarkable in males than females, and was pathologically prevalent around the dilated tubules. 35.9 ± 2.9 37.7 ± 3.0 38.9 ± 3.7 38.4 ± 3.7 Day 14 59.1 ± 4.6 64.3 ± 5.8 65.6 ± 6.3 63.5 ± 6.3 Day 21 Body weights of female offspring 7.0 ± 0.4* 6.9 ± 0.6 6.8 ± 0.5 6.6 ± 0.5 Day 0 10.7 ± 1.1 10.9 ± 1.2 11.0 ± 1.3 10.8 ± 1.8 Day 4
17.0 ± 1.4 18.2 ± 1.7 18.1 ± 1.8 18.0 ± 2.1 Day 7 34.0 ± 2.6** 36.4 ± 2.6 37.7 ± 2.9 37.3 ± 3.2 Day 14 55.7 ± 3.6** 61.1 ± 5.0 63.2 ± 5.0 60.9 ± 4.8 Day 21 a : Mean ± SD. b : No. of days until copulation (days) = Number of days from the start of mating until the day when copulation was confirmed. c : Mating index (%) = (Number of males and females showing evidence of copulation / number of males and females used for mating) × 100. d : Fertility index (%) = (Number of pregnant females / number of copulated females) × 100. e : Gestation length (days) = Number of days from GD 0 till the delivery day. f : Gestation index (%) = (Number of females with normal delivery / number of pregnant females) × 100. g : Birth index (%) = (Number of live pups delivered / number of implantations) × 100. h : Sex ratio = Total number of male pups delivered / total number of the pups delivered. i : Viability on PND 0 (survival rate at delivery)(%) = (Number of the live pups on PND 0 / total number of pups delivered) × 100. j : Viability on PND 4 (the survival rate on day 4)(%) = (Number of live pups on PND 4 / number of live pups on PND 0) × 100. k : Viability rate on PND 21 (weaning rate)(%) = (Number of live pups on PND 21 / number of live pups on PND 4) × 100. *: Significantly different from the control value, *, p<0.05; **, p<0.01.
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Various additional histopathological changes were found in the organs/tissues of F0 and F1 males and females in the control and 2000 ppm groups, and also found at macroscopically abnormal sites in the other dose groups. However, these changes all known to occur spontaneously in toxicity studies in rats, and they were all judged to be sporadic findings unrelated to the BZP treatment. Abnormalities attributable in cases of non-copulate/non-pregnancy were not recognized at either necropsy on histopathological examination. 1.59 ± 0.24 1.54 ± 0.29 1.73 ± 0.28 1.69 ± 0.13 LH (ng/mL) 6 6 6 6 No. of females examined 6.94 ± 0.56 6.08 ± 1.52 6.38 ± 0.92 6.51 ± 1.19 FSH (ng/mL) 1.83 ± 0.30 1.80 ± 0.15 1.79 ± 0.39 1.86 ± 0.13 LH (ng/mL) 96.5 ± 34.6 82.8 ± 28.0 72.8 ± 13.7 69.0 ± 23.0 Estradiol (pg/mL) F1 parents Sperm examination 10 10 10 10 No. of males examined 92.2 ± 3.58 94.9 ± 3.63 93.6 ± 4.14 94.5 ± 4.90 Sperm motility (%) 108.4 ± 26.42 − − 139.3 ± 46.18 Homogenization-resistant spermatids (× 10 6 /g) (spermatid head counts in the testis) 664.8 ± 109.93 − − 584.0 ± 175.53 Sperm Count (× 10 6 /g), (cauda epididymal)
1.0 ± 0.83 − − 0.9 ± 1.02 Abnormal sperm (%) 0.6 ± 0.70 − − 1.9 ± 1.85 Tailless sperm (%) Hormone levels 6 6 6 6 No. of males examined 2.70 ± 1.36 2.98 ± 1.18 3.59 ± 1.52 3.51 ± 1.26 Testosterone (ng/mL) 9.19 ± 1.46 7.65 ± 0.53 9.20 ± 1.11 9.16 ± 2.42 FSH (ng/mL) 1.60 ± 0.44 1.49 ± 0.25 1.80 ± 0.50 1.78 ± 0.49 LH (ng/mL) 6 6 6 6 No. of females examined 5.86 ± 0.82 6.32 ± 0.66 6.44 ± 0.39 5.88 ± 1.03 FSH (ng/mL) 1.72 ± 0.17 1.98 ± 0.49 1.87 ± 0.22 1.53 ± 0.38 LH (ng/mL) 95.2 ± 49.7 93.5 ± 16.7 85.7 ± 25.5 85.0 ± 26.9 Estradiol (pg/mL) a : Mean ± SD. −: Not examined. *: Significantly different from the control value, *, p<0.05; **, p<0.01.
Effects on the growth and development of offspring 1. Clinical signs and body weights
In the F1 and F2 offspring, no changes related to BZP treatment were found in clinical signs in any dose group.
Body weight data are summarized in Table 3 (body weight gain values are included). In the 2000 ppm groups, significant elevation was noted for body weights on PND 0 in F1 male and F2 male/female offspring, while significantly low values were found as follows: for body weights on PNDs 14-21 in the F1 and F2 male/female offspring and for body weight gain on PNDs 7-21 in F1 male/female and F2 female offspring. In the 450 ppm group, the F2 male offspring showed significantly elevated body weights on PND 0. In the 100 ppm group, normal body weight changes as shown in the control were observed in both F1 and F2 male and female offspring.
Viability index, AGD, reflex/response tests, and external examination
Viability indexes for offspring are summarized in Table 3 , and the AGD values for F1 and F2 pups and results of reflex/response tests, as well as external examination, are summarized in Table 5 . No changes related to BZP treatment were found in the number of F1 and F2 pups delivered, the viabilities on PNDs 0, 4 and 21, and the other parameter examined. In the 2000 ppm group, although a significant difference was noted in the sex ratio of F1 pups (the males were fewer than the females) before adjustment of the number of F1 pups, there was no difference in the sex ratio on PND 0, and an equivalent trend was not recognized in the F2 pups. Therefore, this change was considered to be sporadic and unrelated to BZP.
Physical development
Finding for physical development of F1 and F2 offspring are summarized in Table 6 . In the 2000 ppm group, a significantly higher incidence of pinna unfolding was found on PND 2 in male and female F1 and F2 pups and on PND 3 in female F2 pups. In the 450 ppm group, a significantly higher incidence of pinna unfolding was also found on PND 2 in F1 males and females and F2 males, and on PND 3 in F2 female pups. With BZP treatment at 450 ppm or higher, the age on the day when the pinna unfolding appeared tended to be younger in F1 and F2 pups. Considering that the number of F0 and F1 dams delivering on GD 23 tended increase as compared with the control, this change was judged apparent unrelated to BZP treatment (Table 3 ).
In addition, there were no changes related to BZP treatment regarding the day of occurrence of incisor eruption (upper incisor eruption) or eye opening in F1 and F2 pups, and for the timing as well as body weights on the days of vaginal opening in F1 females or preputial separation in F1 males.
Organ weights
Organ weight data for F1 and F2 offspring are summarized in Table 8 . In the 2000 ppm group, significantly elevated relative brain weights were observed in both male and female F1/F2 pups, and lower absolute spleen weights were found in both F1 sexes. These changes were considered due to inhibition of the body weight gain induced by the administration of BZP. In the groups treated with 450 ppm or less, no substance related changes were found.
Necropsy findings
No changes related to BZP treatment were observed in any dose group of F1 and F2 pups.
DISCUSSION
Regarding effects of BZP on the F0 and F1 parental animals in the present study, changes such as inhibition of body weight gain and food consumption, increase in renal weights and dilatation and regeneration of renal proximal tubules were recognized in the groups receiving 450 ppm or 2000 ppm, and increase in the hepatic weights and centrilobular hepatocytic hypertrophy were observed in the 100 ppm or higher groups. These changes were generally in line with the report of Burdock et al. (1991) . When BZP was administered to rats at the dose of 20 mg/kg/day for 90 days or at the doses of 100 or 500 mg/kg/day for 28 days, inhibition of the body weight gain, increased relative liver and kidney weights and centrilobular hepatocyte hypertrophy were thus evident (Burdock et al., 1991) . Regarding the dilatation of renal proximal tubules, this is known to occur with injury insufficient to cause necrosis (Greaves., 1990a) . Although severe injury such as necrosis of the tubular epithelium was not found in the present study, BZP clearly influenced the proximal tubular epithelium. The centrilobular hepatocytic hypertrophy is considered to be an adaptive vital reaction as a consequence of the induction of drugmetabolizing enzymes (Gopinath et al., 1987; Greaves., 1990b) . Although there have been previous reports of potential effects of BZP on the endocrine system, only weak estrogenic, as well as weak anti- The relative AGD value divided by the cubic root of the body weight on the measurement day was also calculated. e : Number of offspring / number of parent animals (dams). *: Significantly different from the control value, *, p<0.05; **, p<0.01. estrogenic action was observed in uterotrophic assays (METI, 2002) . No adverse effects seemingly related to these actions were observed in this two-generation reproductive toxicity study. With regard to reproductive toxicity in F0 and F1 parental animals, there were no obvious effects even at the highest dose of 2000 ppm.
As for effects on F1 and F2 offspring, inhibition of the body weight gain was observed at the dose of 2000 ppm. Therefore, from the present study of BZP administered to rats over two-generations, the no observed effect level (NOEL) on the parental animals is concluded to be less than 100 ppm. Concerning effects on the endocrine system and reproductive toxicity in parental animals, the NOEL is 2000 ppm. In terms of the effects on the offspring, the NOEL is considered to be 450 ppm.
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